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TWO NORTH NINTH STREET, ALLENTOWN, PA.

MAR 0 3 1981

Mr. B. J. Youngblood, Chief
Licensing Branch No. 1
Division of Licensing
Nuclear Regulatory Commission
Washington, D.C. 20555

SUSQUEHANNA STEAM ELECTRIC STATION

NRC INFORMATION REQUEST:
CATEGORY I MASONRY WALLS

ER 100450
PLA-628

FILE 841-2

Dear Mr. Youngblood:

This is a follow-up reply to Mr. S. A, Varga's letter dated April 21,
requesting information on Category I Masonry Walls employed by plants
under construction permit and operating license review,

18101

PHONE: (215) 821.5151

1980

Our original reply

to you on this subject was by our letter (PLA-523) of September 8, 1980.

Enclosed are the numerical examples for block wall design and a design
example employed for Category I pipe supports/hangers on block walls,
This completes our reply to Question #5 of the Information Request and,

therefore, all questions have hereby been completely answered.

We trust these responses satlsfactorlly answer any concerns you may have
pertaining to the design adequacy of the Category I Masonry Walls employed
at the Susquehanna Steam Electric Station,
arise, please do not hesitate to contact us.

Very truly yours,

T Gand

Norman W. Curtis
Vice President - Engineering and Construction, Nuclear

DRR:saw

Enclosure

[

Response required: No

8103090605

PENNSYLVANIA POWER & LIGHT COMPANY

A

However, should any questions
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‘ﬁ DESTGN EXAMPLE FOR CATBGORY I B'Loqx-wms - o -
| ' .
1. Reference Documents: )
1.1 Applicable section of FSAR
) 3.7b . Seismic Design
3.8 Design of Category I Structures
o 3.8.c Concrete Thit Masonry, Masonry Materials and Quality Control
1.2 Uniform Building Code (1976)  Section 2 '
1.3 © Biilding code requirements for Reinforced Concrete (A:CI-318-:11)
1.4 B:I;U.ding code requirements for Concrete Masonry Structures (ACI-531-79) -
1.5 Project Specifications 8856-C-72 Expansion Anchors
' 8856-A-2 Concrete Unit Masonry
f 8856-G-2lf Floor Response Spectra
1.6 Design Drawing 8856-C-807 . T
1.7 J.E. Aurhein: Re:h;zi‘orced Masonry ’{Ehgineering Handbook ~ 3rd Edition.
Published by Masonry Institute of America 1978.
1.8 Roark:. Formulas for Stress & Strain - 5th Edition.
2. Fai:erials:
) 2.1 Concrete hollow blocks H or A shaped with ultimate compressive
strength f'm = 1500 psi and mortar with £, = 2500 psi.
. 2.2 - Cells are filled with concrete grout with f*, = 2500 psi.
. 2.3 Concrete I‘m for core ;:f double wythe walls, i:'c = 2509 psi.
2.4 FReinforcing steel grade 60, Ly = 60 ksi.
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wau Thickness: 8" | ' A
Spa.n 10,88 rt. ER R s A ‘:.AZ

" -End Conditions Hinged at top and bottom.~ Local and Global Analysis

‘Fixed bottom and free top -~ Story Drift and In-plane Loading

. Attachment. 100 1bs. of vertical load applied at 8 inches from the

_ . face of wall.
Reinforcement: #6 € 16" vertical
| #i @ 2" horizontal.

Symbols and Notations:

A. = Gmssaéection, Area(in )
= 'I;ension Steel Area (in?) *
A = Compression Steel Area’ (1n2)
b = Width of Me.mber' (in.) .
¢ = Distance of the neutral axis of the cracked section i‘rcm the extre'ne
compression fibers (in.) : .
d Distance between extreme campressian fibers and centroid of tension
reinforcement (1n%) .
gt =_Distance between extreme campression fibers and centroid of compression’
 reinforcement (in.) .
E, = Modulus of rigidity (psi)
fm‘ .=.St::'ess in masonry (psi)
= Lowest natural frequency of the wall (Hz) -
F= bd?/lzooo dimensional coefficient used in determination of resisting

mcament of masonry sections

‘g= Accelepation- due to gravity 386.4 5.n/sec2 *

I,p = Moment of inertia of the cracked section (in%) I
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“Ie = Equivalent mcment of inertia (4n%) . 0 .
"L r T = Moment of :!.nertia of gross section (:!.nl')

8 . - C .
K= Nmnerica.l coei‘ficient depending on structura.‘!. lateral force zﬁsisting .
system )
k =c/d .

Y = Story’ df'ift or displacement of wall (in.)
Dy = Force correspé:ndj..ng to displacement ¥ (lbs.)
M, = Local bending mment (in-1b) |
"M, = Global bending moment (in-1b)
n= Es/Em Ratio of Young's modulus of reinforcing steel to Young s
modulus or masonry
P = Attachment "Inertia load
t.= ﬂhic_kness of blockwall inches
po= As/bd’
o oasma |
7 = Unit weight (Ibs/cuft) ' P
V.= Shearing 'stress (psi) . )
V= Total later-al load or shear at the base (1bs.)
w = Weight per linear foot of wall
W = Total wt. of wall

5. Freouency Calculation:

5.1 * Frequency of cracked sectiqx"z.
5.1.1 Moment of inertia of cracked section:
. Refer to ACI-318-71 Handbook p. 390
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c/a =/@F ¥ [0-1] 7 Yo F 2 @p + [ne1) A7 .d'/d) - (netln-1] #*) .{

14

And PN S0 .
I, = 5a3(c/d)3 + anbd (d-c)2 + (n-1)p' ba (c-a'J2 -
3 . ’ '

"in our case: ‘ ' -
b =12 :Iixches '
. Ag = .33 in2
n =20 ‘
'§ = As/bd = .331/12x3.75 = 0074
e = L1471 . "
A'; = 0 (since d'= »'=0)
"k = o/a=/GINTDZ ¥ 2 (+1471) - 1471 = 115
c=kd = 415x3.75 = 156 in |
%r=me@éxmx3h§+.mnx12x&ﬁ(&5716&2‘
Iop = 46.94 in® o o

L)

5.1.2 Deflection (simple beam)
&eié’nt of wall:
W= yxbxt=125x 7.63/12 x 1 = 79.48 1bs/ft
Static deflection | ”

A static = smb -

X Spter

A static =5 x 79.48 x 10.88% x 123 = .35589 in
o 384 X 1500000 X 46,04 ‘




5.1.3 Frequmc;: . .

L, = 1 CT7 static'
I’
£, =1 \/386. ll/.35589

n 2=

1.15 £, = 6.03Hz

.85 £, =

6.  Response Summary:

.
.
.

.

v FSAR
2

4,46 Bz

5.24 Hz -

i

For acceleration pefer to Pro;]ect Specification 8856-G-244 or

. Section 3.7b.
! ~ORIZONTAL FESFORSE PEAK VERT. RESP. |
ITYPE | FRERQ. DAMP. | ACCEL A | ¥IG. | ACCELQ FIG.
{ |For Max Ace Ii‘t/sec l ’ | Direction ft/sect
I - | | . :
JOBE | 4.5 | U4z l 1.25 g | BNG-1 | .60 g | BV1O-1|
ISSE | 4.5 | 7% | .78 g | FN9=2 | 63 g | FVio-2|
ISRV | 4.5 | 4% | .03.g | BN9-3 | N/S | J2g | BV10-3],
}LOCA ’ .ls 5 { 4 } negl. { FNo-4 ’ | A0 g 1 mo—u{
T n n l N | |
|[OBE | 4.5 | " 4% | 1.40°g | BE10-1 ] I | |
ISSE | 4.5 | 7% | 1.13 g | FE10-2 | EW | | ‘|
ISRV | 4.5 | 4 | .03g | BE10-3 | [ | |
lLoca | 4.5 | 7% | negl. | FE10-4 | | | |
| I | | | | | | |
7. Local Analysis:
For load of attachment (see dwg. C-807)
3.80" 3"
. k' : o
5 ¢
o // 4 V— P= lOO"":“:
) 7‘ v
. N
. 4 LA -
-~ v
BLOCK — ] /{ )

5=

~—— GROUTED CELL’
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7.1

7.2
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Normal load ccmbinatiow D +/i'+/a‘ }40

L VRN

For load ccmbinations see FSAR table 3-8.8 or 3-8.9 respective],y.

Ig

M, = 100 x (8 + 3.81) = 1181 1bs in

6= Me = 1181 x 3.81 = 10.5 psi < 25 psi O.K. See reference
I, @33 . 1.2.Table 24-B

L )
-

=13 = 7.6253 x 1 = 443.32 1nd .

Vertical Response (Nomal/Severe) 0

Load canbination: D + ,z‘ }fo Zf +E+ SR+ A -See Section 'C' of
FSAR Teble 3.8-8

Amplified acceleration = 1. 5 a,

: (J:.S) (E+SRV) = (1.5) (.60 + .72) =1.98 g

Mp = (1.98 + 1) (100) (11.81) = 3519.4 1b.in = 293.3 1b.ft’

Assume the following: (refer to project standard dt'awings C-805/
sh. 1, 2 & 3 and drawing 0-807)

1. Min. of 2 anchors are used P .

2. Min. Spacing = 6" for anchors ; ’ // . g
T = C = (3519.4/6) = 586.6 lbs. K M~ 1] _ .
P = .007H ' j ) ; ©
Theén from reference 1.7 Table E-15 iy < ) c

-

J=.861 b=12" d=3.75""

v = (V/3db) = (586.6)/(12)(.861)(3.75)

= 15.30 psi < 25 x 1.33 psi O.K. Ref. 1.2 Table 24-B-

Where:®

T = The tensile force acting at the center line of bolts.

C= micicmpressive force at the centroid of the compressive
bl

~6-



" Global Analysis: OBE Condition (nomal/severe)

Chec.k stress 1n rebars and in masonry (Ref 1. 7 Table. E—IS)
F= bd2/12000 - (12) (3.75)2/12000 &

. 011{1 _
= ,2933/.0141 = 20.80

(13

=

K=

®
Stress in masonry:

-

Lt = 2K/gk = (2)(20.8)/( .861)(. u15) = 116.4 psi <500 psi

Ref. 1.2
Stress in re-bars:
fg = M/Asjd 3519.4/.331:: 861x3. 75 3293 1 psi <218000 psi x 1 33

_ For cambination of horizontal and vertical response see global

analysis.,

: 001" | 0BE
8.1 Vertical - loads due to attachment : .oonzr] SSE
. Mg =293.3 1bs.ft * (see above - local analysis) 4 + NODE 81
8.2‘: Horizontalﬁ }! }40 ;z‘ + SRV + E ",
(E+SRV) = (1. ll-g:.03) = 1.43g ,
w = (1.43)(79.48) = 113.66 lbs/ft (wall inertia load) l
2= (100) (1.43) = 143 1bs (attachment inertia load) -
8.3 Fs'g.:? Drift - for displacements refer to , * } ‘NODE 80
Fig. 3.7b-58, 59, 60 & 61 .
Y = (.001-.00078)(12) = .00264" :googgz g:: ’
Dg= 38 Tv/13 = (3) (1500000)(46.94)(-00264)/(10.88:12)3 FIGURE A
= .25 1be .. negligible .
8.4 &mmtionofabovaf}foﬁo /Z(+SRV+E+D

M= WLl +Pal/l+(Mp ) (1/2)+(Dg)1/2  for maximum bending analysis
= (113.66)(10.88)2 + (143)(10.88) (1/4)+(293.3)(1/2) + (.25)(10.88)(1/2)
. 8 )




8.5

1? = ‘é’L +Pa+ (M) (A/L) '*D _ for maximm shear analysis ‘ [
= (113.66)(10.88)(1/2)+1u3+(293 3)(1/10.88) + .25 | B

| = 788.52 1bs ' Z -Q'“l.f:'._‘..%
Stress in pebar: . ' ‘ - e
» =.0074 k=415 J=.861 . Aj=.331 in? '
£ W/AJd = (2218.8)(12)/(.331)(.861)(3.75) e

= 1681 8+38896+1&6.65+1 36 = 2218 8 lbs.rt 0

= 24014 psi < (24000)(1.33) O.K. (Ref. 1.2)

Stres'sinnasonry:. X = M/F .
F = bd2/12000

. Fr= 0.0141

K = (2.2188)7.0141 = 157.4 M in [K £t]
= 2K/ 3k '

= (2)(157.4)/(.861)(.415) = 876.8 psi > 500x1.33 = 665 psi N.G. (Ref. 1.1)
Since the stress in wall has exceeded the allowable. stress, a redesign -

- of wall with reduced span is required.

However, since the purpose of this example is to demonstrate the design
procedure, such redesign is not.provided. ‘ C

)

Sh_eér at N.A.
v. V. (788.52)/(12)(.861)(3.75)
764 :

= 20.35 psi < 50 x 1.33 psi O.X. (Ref. 1.1)

Check of partial cracking in accécordance with ACI-318 (Refer to

FSAR 3.7b:3.1.5)




A=

_A. +. AF +,Ani‘-‘ ‘

8o = sy 1t = (5)(113. 66)(10 88)4 (1233 =".509 in
M B |

“re (EA/MEEI) = (143)(20. 88x:2)3/(zssxlsoooooxus.9u)

(385) (1500000) (46.94)

Sut, = (I'&_,Le/f:‘mI)( 0642) -
= (3519.4)Q20. 88x12)2/(1500000xl(6 9u)x.06u2 a .0547 in

A._

= .509-!-.091!2-!-.05117 = 6579 in

I = (Mcrma) Ig +[1-(M,p/M,) .] Iop

I‘

M, = (2218.8)(12) = 26,625.6 lbs. in

I = (581722)3)3 (443.32)+ 1—(283.7;2233)3 (46.94) -
=162 + 1645 |

i = 507 m‘* _

Since Iy a I, partial cracking needno¥ be checked.

‘ Revised

& = (.6579)(46.94)/51.07

A = 60T in

20 T/t = (50)(443.32)/3.81 = 5617.8 1bs.in

9.0 Global Analysis - SSE Condition (abnormal/extreme)

9.1 Vertical -~ lLoads due to attachment.

Deflection (wE): * ' - a
‘I, = 46.94 nt

it

.09142 in




..Abnomallﬁxtraneq'!-ff%-(;g }';-Pj{/f }f ‘+f+sav+mcn.

9.2°

9.3

* D+ 1.5 (E" + SRV + LOCA) = 141.5(.63+.50+.4)g (See Fig. FV10-3 of

Ref. 1.5 for Value of SRV ‘acel. under SSE condition)

= (3 3)(100)(11 81)/12 = 324.8 1b.ft..
o = 389703 lb mo

i = O = 3897 1b.in./6 in. = 6119.5 1bs. s I

114

vi= v'/de = 6119 5/(12)( 861)(3.75)

= 16.76 psi < (25)(1 67) = 41.74 psi
Ref. 1.1 Table 3.8-8, 3.8-9 |

.. The attachment load will be transferred to the wall by shear.

Stress in rebar - (Due to attachment only)
fg = M'L/Ag3d = (3885.5/.33x.861x3.75)

" = 3657.76 psi < (60,000)(.9)  Ref. 1.1 Table 3.8-8, 3.8-9
- = 54,000 psi s

" Stress in masonry - (due to attachment only)

K = WF = .3238/.0141 = 22.965 M = K-FT

= K/gk = (2)(22.96)/(.861) (. u15)

= 128.94 ~ < 500 x 1.67 = 835 psi
Horizontal }é'-» % + 7% + SRV + 1.25E, + LOCA

'(1.25 EG+SRVALOCA) = (1.25x1.4+.03+0)g = 1.78,

= (79.48)(2.78) = 141.47 1bs/ft
= (100)(1.78) = 178 1bs_

Story Drift (see Fig. A Pg. 6)

= (. 0012—.0009“)(12) = ,00312"
D' = (3E,T¥')/(L)3 = (3)(1500000) (46.94)(.00312)/(10.88x12)3
296 lbs

Suxmationofabove. y{ ’f ;( ﬁ+SRV+IZSE + LOCA + D'y
M' = wiL2/8 + F'L/Y + GrL)(/2) + (') /2) ’ '

~10~-



. FSAR 3-%-'30195)
. Deflection (SSE) °

= (141, zm(gsm?/a + (I78) (10.88/4)+ 323.&3 (:296)(20.88) (1/2)
'-Z'Illllbs.rtl ‘ ' - -

R' = (W'L/2) +-F' + M' /L + D'y (11!1 47)(10.88)(1/2) + 178 4323.8 + .29 .o
L L 10088

-~
-

= 769.6 + 178 +29.76 +.29

= 9TM.65'1bs

v' = (978)/(12x 861x3.75) -= 25.24 psi < 45 psi

" Stress in rebar:

o = 0074 - k= .15 J=.861 Ag = .331

£ = (WA 3d) ==(27141.8x12/.331x.86}xS.75)_

- = 30,777 psi < 54000 psi O.K.

Stress in masonry:

. K-= M/F = 2741/.0141 = 194.39

£y = 2K/gk = (2)(194.39)/(.415) (.861)
= 1082.88 psi > 500 x 1. 67 (see Ref. 1.1)
Check for partial cracking in accordance with ACI-318 (Refer to

Iop = 46.94 in*
A=4'+AF'+Am' _ _

A = .509(141.47/113.66) = .634 in. See page 8 for CBE deflection.
A gt = (.0942)(178/143) = 117 4n. See page 8 for CSE deflection.
A 1 = L0547 in.

. A\ = 634 + .11T + .0547 = .8057 ins
. Il = (Mcr-/M'a)3 I + (1 M 13)3 ICI'

32892 (32892 )
= 47.06 inf =~ 46.94 in¥

[2218 8] 3 (443.32) + [1 ~ (2218. 8)3] 16.94

-11-
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. g-g,  |g'-g" Sl gleot 16-2" .,

No mrther checld.ng for partial cracking is ngex.red
In Flane Loading: o

* Reference: Section-B dwé. ¢-1305 . B

-E£L.785-0" | .

a'- 0O
opENING . || A2 %ﬁs@ts VeRT
TYR ¢ #4@24}10?«2.

6@ I6VERT,
4 @24HOR
UNO -

.

o= ELJ?!‘-o“@ | @l{ 9 % €

= (6.67 + 15.5 + 18 + 16.17 + 13.17) = 69. 51‘
Assume the' follow:lng.
1, Reinforcement #6 € 16 vert. (conservative)
2. Perpenéictﬂar walls contribute to loading °
but not to stiffness of wall in' in:-plane direction

' 3. Deflection is less than 1 1/2" ard therefore ceiling structiz;_al |

steel beams do not sﬁppor’c the wall (See drawing C-805 for gap defails)

£ WALL

COMPRESSION  REINF, . TENSION REINF.

. b 2758'

?{///////

SECTIONAL PLAN
= (¥N)(X) = (3/18)(69 51)(12) = 625.59 in
= (JJU)CL) = (l/lf)(69-51_)(12) = 208.53 in
Ag = A; = (2'} bars)(.44) = 11.88 1n2
= Ay/bd = 11.88/(7.625)(625.6) = .0025

a'/da = .333 : = A'./bd = 11. 88/(7.625)(625.5) = .0025.'

.-1 2- ¥




e = (203 oozs) = I I @

" (nel) Pt = (19)(.0025) = LOATS

c/d =\/Ine ¥ (n-1) PU‘ + 2[n- p-l-(n-l) p“d'/d] [np +(n-l) A']
= [« os+.ou75)2 +2(. os+.ou75x.333):| 1/2._ (.05+.0475)
= 2778
c- = (.2778)(625.59) = 173.79 in

1. = bd3(c/d)3 +an bd (6c)2 + (n-1)A" bd (c-a")? |

cr

o= ; (7: 625)(625.59)3 (.2778Y3+.05 (625.59) (7.625)x

- (625. 59-173 79)2+< 0475)(7.625) (625.59) (173.79 - 208.53)2
= 13,340, 887.18+48, 648, 655. 75+273,453.12
= 62,298,996

Note: The above approach for selecting “d", "d"'; tension
rei;'zforcement and compression -reinforcement is approx.
'ft':nly. An iterative process would be required to locate
actual "d" and reinforcéement. ‘ ‘
A= A, + sz_»%a-% Ref. 1.8 page 185
w=bx 7 xL .
w = (.6354)(125)(69. 51) = 5520.9 1bs.ft (openings mcluded)
R - opening
= (5520.9)(10.88) - .6354 (Ux6.67+4x12.5+7x3.33)125
. = 52,125.69 1b '

[

t !
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'Load from Perpendiculsr Walls. ' -

The locading fram cross walls 18 added to the wall mertia. Ihe _
-ma.gnitude of the load depends on ‘spacing of seismic supports (clip
a.ngles) for the cross wall, stifmess and a.cceleration of that wall
In tl?is example maximim spac:l{)g of clip angles is 4'-0" 0.C.

Let U be the added load due to cross wall then:
Uy = Ué =U3 =0y =Us =Ug = Uy “Where 1 to T represent cross walls
Uy _= L) ®) (@)

a= accelef'ation, see page 55 use maximum

e in 1ieu of calculating frequency for each wal
Ul (2')(125 pcf) (. 635)(1 43) = 227 1bs/ft of height

W= [521264-(‘;{'}11)]-—- 52126+(7)g227)(1o.88)= 69414.3 1b
= 5520.9+(T)(227) = 7109.9 lbs/ft

Ap = wL" = (7109.9)(10.88)4(12)3 = .00023 1in
| CBE,I  (8)(2500000) (62,298, 9367 .
Av=_3WL = (3)(69414,.3)(10.88x12)- = ,00684 in S

(55(AEVS (5)(173.79x7.625) (600, 000)

A static = .00023+.00684 = .00707 in

£ =12 (za) Y2 = 12 (386.4/.00707) V2 o . L
£ = 3721 Hz ‘ ' | '

.85 £, = 31.63 Hz

115 £, = 42.79 Hz

"
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Refer to Specification 8856~G-24 for the following: -

4.

IR mewrmyhev s g vemw o\ 5
.

- |"Borizontal Response . [ Peak Vert. Resp.|
[Type [Freq.[ Demp. Accel. | Fig. | | Accel. | Fig.
ICBE" | 32 | 4% [ .226 [ BN9=1 [ [ . |
ISSE |32 -1 7% | 287 | FNg-2 | - - |
IsRv 132 | 4% | .06 | BN9=-3 | N/S | |
T A T | |
[CBE~ T 32-1 4 [ .28 [ Bmo-1 [. I T, T
IssE 132 | 72 | .21 | FR10-2 | o !

IsRv {32 | 4% | .05 | BE10-3 | EW | |
iloca | 32 | 7% | .13 | FRi0-4 | A |
] ] - | | | i | | ]
d = Distance to doorway
WALL EVALUATION . (very conservative)
Loading Combination: (Normal/Severe) DHLAT, +H_+E+SRV+D

UEASRV = (.226+.06)= .29 g

V = Wa+[a(100 1b) (/331
Vs (.29)(52126)+(29) (100x69. 51/3)+(Tx227) (10.88)

= 15116.5+671.83+17288.3 = 33076.7 1bs P
. 100 1b = attachment load per 3 ft. strip as shown on dwg. C-807

v = V/bjd = 33076.7/(7.625)(.907) (29x12+4)

- 13.58 pst' < 43 psi O.K.

3= 1k
3

1~ (c/d)/3
1~ -§778 = .9074

n

Note: By inspection for-abnormal/extreme Envirormental load cambination,
in-plane shear.is OLK. '
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